Left ventricular dysfunction is associated with compensatory sympathetic cardiac overactivation as reflected by an increased resting heart rate and higher plasma norepinephrine levels (1). Higher resting norepinephrine levels, in turn, have been associated with an increased mortality risk in HF (2) .
Sympathetic overdrive may also explain the blunted autonomic nervous system responses to perturbation tests (handgrip, deep breathing, and orthostatic challenge), as the high sympathetic tone may reduce the capacity of the sinoatrial receptors to react to fluctuations in autonomic neural activity (3) . Acute mental stress-induced heart rate and forearm blood flow responses are also attenuated in HF (4) . Moreover, an attenuated chronotropic response to exercise has been associated with adverse outcome in healthy populations (5), as well as in patients with coronary artery disease (CAD) (6, 7) and HF (8) .
Cardiovascular responses to psychological challenge such as mental stress have prognostic significance in healthy individuals (9) and in patients with CAD. In patients with stable CAD, a relationship has been documented between high blood pressure (BP) responses and an increased incidence of cardiac events at follow-up (10, 11) , but no previous studies have examined the long-term adverse effects of BP and heart rate responses to mental stress in patients with systolic HF. Moreover, evidence suggests that the prognostic effects of "hyperreactivity" in CAD are not observed in advanced stages of cardiovascular disease. In fact, diminished cardiovascular and hormonal reactivity to psychological stress have been related to poor health outcomes in diverse populations (12), including patients with acute coronary syndrome (13). This suggests a bimodal risk profile, with both attenuated and hyper-reactive reactivity being associated with poor cardiovascular prognosis.
The current study examined the prognostic value of BP and heart rate reactivity to acute mental stress in patients with systolic HF. Poor BP responses to challenge can be associated with adverse outcome because hyporesponsiveness could reflect sympathetic depletion in systolic HF. Exaggerated BP responses to challenge may also be associated with adverse HF outcomes because of beta-adrenergicmediated oxidative dysregulation and multiple exposures to stress-induced increases in afterload. We therefore hypothesized that a bi-modal risk profile would emerge such that HF patients with disproportionately low and high stress-induced BP responses to mental stress were at elevated mortality risk com- PROTOCOL AND MEASURES. Patients were tested while they were in a sitting position and asked to rest quietly for 10 min prior to the task to collect baseline assessments. After the rest period, patients were instructed to prepare a 3-min speech about their personal strengths and weaknesses regarding social interactions. This preparation period took 3 min. Patients were instructed to speak in an honest and specific way about personal habits in, and difficulties with, social interaction. Patients spoke to the experimenter, who, the patients were told, was rating their performance. The content of the speech was recorded in terms of positive, negative, or mixed personally relevant topics. After this task was completed, patients were asked to rest quietly again for 10 min to assess recovery.
BLOOD PRESSURE AND HEART RATE.
Patients were fitted with a BP monitor (model M5-1, Omron, Tokyo, Japan) (14) to assess BP and heart rate at a 2.5-min interval during rest, a 1.5-min interval during preparation and the speech task, and a 2.5-min interval during post-stress recovery. As part of a larger study, patients were also asked to fill out a psychological survey (at home, preceding the mental challenge test), including assessments of depression and anxiety and Type D, or distressed, personality (15, 16) . The sample size of the present study examining reactivity to mental stress was not sufficiently large to examine interactions among these contextual psychological factors and stress-induced reactivity for future mortality, so psychological background variables were used for descriptive purposes only in this study. Patients who were older displayed increased diastolic and systolic reactivity, and high-reactive patients less often had an ischemic HF cause (both BP and heart rate). Use of beta-adrenergic blocking agents and ACE inhibitors or ARB was common (76% to 92%)
and not related to an attenuated heart rate or BP response to mental stress ( Table 1) . Mean levels of baseline and stress levels of BP and heart rate stratified by response category are presented in Table 2 .
BLOOD PRESSURE AND HEART RATE REACTIVITY AS A PREDICTOR OF MORTALITY. Figure 1 Table 3) . Post hoc analysis showed that the majority of patients in the high-reactivity group died of cardiac causes (67%), whereas the majority of the negative reactivity group died of noncardiac causes (75%). A higher baseline heart rate also was a significant predictor of mortality (HR: 1.04; 95% CI: 1.003 to 1.07; p ¼ 0.03) in fully adjusted analyses. Adding baseline heart rate reduced the effect of high heart rate reactivity to not significant (HR: 0.46; 95% CI: 0.18 to 1.18; p ¼ 0.11),
whereas the protective effect of negative heart rate Values are mean AE SD. All heart rate group differences in mean resting and stress levels were nonsignificant (ANOVA, corrected for multiple comparisons). *p < 0.01, †p < 0.05; comparison of column proportions using z scores: column proportions marked with ‡ are equal to other column proportions marked with ‡ and significantly different from column proportions marked with §, and vice versa.
DBP ¼ diastolic blood pressure; SBP ¼ systolic blood pressure.
Kupper et al. Table 1 ).
DISCUSSION
The current study examined the association of car- patients with CAD (6, 7, 20) and HF (8, 21) . Our results suggest that this phenomenon might extend to mental challenge, as an impaired diastolic response was associated with increased mortality risk. Low DBP responders were characterized by a younger age and seemed to be a little bit unhealthier, as a larger (but nonsignificant) percentage were smokers, had at least 2 comorbid somatic conditions, had a lower LVEF, and walked less distance on a 6-minute walk test (Table 1) . Low DBP responders were also characterized by significantly lower levels of negative affectivity and slightly lower depression than intermediate responders (Online Table 1 ). Future research is needed to determine whether psychophysiological hyporeactivity to mental stress predicts HF progression and mortality independent of contextual psychological variables such as depression and personality factors.
It is important to examine the prognostic effects of cardiovascular reactivity measures in addition to the more common examination of the effects of resting levels, as different genes are involved in mounting the mental stress response than those responsible for resting levels (22) . Our results indeed show a prognostic effect of reduced DBP reactivity in addition to the effect of resting levels, suggesting different underlying mechanisms may be responsible for these diverging effects.
A higher resting heart rate was predictive of earlier mortality in the adjusted model, which is consistent with a large body of evidence (23), and suggests a role for increased sympathetic tone in disease progression of systolic HF. Sympathetic over-activity might contribute to increased ventricular arrhythmias (24), increased inflammation, vascular alterations due to sequelae of poorer arterial compliance, and plaque disruption (25) . Consistent with prior studies in chronotropic responses in HF, we found that preserved (high) heart rate response was associated with a reduced mortality risk (5, 7) . A heart rate response in the lowest quartile, indicating a drop in heart rate in response to stress, was also associated with better survival, which seems inconsistent with that in prior studies (5) (6) (7) (8) and with their clinical presentation ( Table 1) .
The overlapping high heart rate and BP responses were 44% to 52%, and only 24% of the patients with a low heart rate response also had a low BP response.
This suggests different physiological mechanism related to BP and heart rate responses (i.e., BP responses are related to endothelial function and heart rate responses to autonomic cardiac drive). Betaadrenergic blockade might have been disproportionately present in the group with a drop in heart rate in response to stress (87% vs. 82% prescriptions in the reference group), but the high prevalence of betaadrenergic blocking agents precluded statistical analysis with sufficient statistical power. Moreover, post hoc analysis showed that although beta-blockers did affect the level of heart rate (p < 0.05), there were no differences in heart rate response between betablocker users and nonusers. Exploratory analyses showed that this finding alternatively might be explained by the observation that among patients characterized by a drop in heart rate, a higher percentage elected to specifically talk only about their positive characteristics (Online Table 1 All-cause mortality is shown by follow-up months for the quartiles of change in heart rate (HR), for which the second and third quartiles have been merged. Quartile 4 patients, characterized by an intact heart rate response to stress (green line), have better survival chances, just like the first quartile, characterized by a negative change in heart rate (red line). The figure shows the survival curves from the adjusted analysis, including the covariates age and implanted device.
Kupper et al. (30) . In HF patients, no previous study has examined the effects of beta-blocker use on heart rate responses to mental stress. Nevertheless, almost all patients were taking these medications, and post hoc analyses that included these medication variables showed that the risk associated with low reactivity was independent of medication use and that the effect of the beta-blocker was equal across response categories.
Another limitation is the lack of an exercise test 
